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ABSTRACT 
Seawater/Wastewater Production of Microalgae-based Biofuels in Closed Loop Tubular 
Photobioreactors 
Joshua Bradley Lowrey 
 The push for alternatives to petroleum fuels has forced researchers to look for 
highly productive, renewable, non-food resources.  The advantages of using microalgae 
instead of traditional oil crops for biofuel production include high oil yields, rapid 
reproductive rates, and versatile growing requirements.  In order to reduce the cost of 
producing microalgae based biofuels, wastewater has been used as a nutrient source 
instead of specialized plant nutrients.  The purpose of this study was to compare the 
relative effectiveness of different combinations of microalgae strain and dairy wastewater 
for increasing biomass.  The methods for monitoring growth included optical density, cell 
counting, biomass estimation by chlorophyll-a, and volatile suspended solids.   
 The analyses compared four concentrations of wastewater media as well as four 
strain treatments: Chlorella vulgaris, Tetraselmis sp., mixed freshwater culture and 
mixed saltwater culture.  Optimum wastewater concentrations for microalgae growth 
were approximately 0% and 25% for most strain treatments.  The results of the 
wastewater treatments concluded that dairy wastewater could serve as an effective 
nutrient substitute for plant food at concentrations approximately 25%.  Chlorella 
vulgaris and Tetraselmis sp. prevailed over the mixed cultures for biomass production.  
Nitrate was the most limiting nutrient and exhibited the greatest reductions, sometimes in 
excess of 90%.  The regression equations derived from the volatile suspended solids data 
v 
 
achieved high R2 values and determined that total nitrogen, ammonium, and nitrate were 
significant in the model.  In those equations, increasing either ammonium or nitrate 
yielded an increase in volatile suspended solids.  With regards to comparing biomass 
quantification methods, the two most useful and reliable biomass quantification methods 
were optical density and volatile suspended solids.           
Keywords: microalgae, biofuels, biomass estimation, dairy wastewater, Chlorella 
vulgaris, , Tetraselmis sp., mixed microalgae culture.  
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CHAPTER I 
INTRODUCTION 
 
1.1 Background Information 
 In July of 2008, world oil prices exceeded $140 per barrel, driving gas prices in 
the United States up well above $4 per gallon (EIA, 2010a).  The magnitude of these 
events, along with many other factors, has generated tremendous incentives to research 
alternative fuels.  Although petroleum alternatives have been under consideration for a 
few decades, the impact of inflated oil prices has left an unprecedented motivation to 
reduce dependence on petroleum (Broder and Connelly, 2010).   
 The search for alternative transportation fuels has many options varying in cost, 
potential, and technology required.  While hybrid electric vehicles and all-electric 
vehicles are currently best poised to enter the mainstream market, biofuels are also 
accepted as a renewable option with great potential.  One major attraction of biofuels for 
transportation is the opportunity to provide a fuel source without requiring large amounts 
of electricity from an already overloaded grid.  In addition, one should consider that 
average electricity costs for the transportation sector have increased by over 25% from 
2003 to 2006 (EIA, 2010b).   
 Biofuels, specifically comprised of biodiesel and bioethanol, have received 
increased demand, research, and investments in the last couple decades.  The estimated 
subsidy by the United States to corn producers for fuel production is between 
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$820,000,000 and $1,368,000,000 per year (Koplow, 2006).  These numbers depict the 
large investment being made to promote alternative fuels.  While corn and soybeans 
dominate the production of biofuels in the U.S., research has suggested they perform 
poorly with regard to oil production efficiency (Chisti, 2007; EIA, 2009).  One of the 
most promising alternatives to corn and soybeans for biofuel production is microalgae 
due to the extremely high growth rates and relative efficiency for oil production (Chisti, 
2007).   
 As with any developing technology, utilizing microalgae for biofuel production 
still requires a substantial investment of financial and intellectual capital.  Literature 
suggests that microalgae can offer tremendously high yields of oil per hectare and 
identifies various other advantages over traditional biofuel crops.  However, the total cost 
of production has not yet become competitive with petroleum (Chisti, 2007; Mehlitz, 
2009).  In order for microalgae biofuels to become a viable alternative to petroleum, the 
production process must be streamlined to reduce the total cost.   
1.2 Overall Industry Research Goal 
 Research is being done to bring down the cost of developing this energy source by 
reducing inputs into the process.  Specifically, nutrient and carbon dioxide costs can be 
almost eliminated by utilizing existing waste streams.  Additionally, the energy required 
for processing the algal biomass into biodiesel must be significantly reduced.  Although 
there are theoretical methods available to address these challenges, the entire process 
must be streamlined through research (Pienkos and Darzins, 2009).  By offsetting or 
minimizing these substantial costs through further research and ingenuity, microalgae can 
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become an economically competitive renewable fuel source.  The overall research goal 
for this industry is to reduce the costs of producing microalgae and ultimately make 
microalgae a viable feedstock for biofuels. 
1.3 Identification of Potential Research Goals 
Reduce Production Costs: 
1. Develop less expensive large-scale photobioreactors 
2. Optimize natural or high efficiency lighting 
3. Utilize wastewater as a nutrient resource 
Reduce Processing Cost: 
4. Develop  lower-cost methods for extracting biomass from water 
5. Develop lower-cost methods for extracting lipids from biomass 
Maximize Biomass Productivity: 
6. Increase lipid productivity of microalgae 
7. Increase growth rates and total biomass of microalgae 
8. Utilize genetic engineering to manipulate strain characteristics 
Co-generate Biomass: 
9. Utilize wastewater growing media for microalgae growth and reduce pollutants in 
wastewater 
10. Sequester carbon dioxide from power plants, breweries, wineries, and other 
carbon dioxide emitters 
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1.4 Research Goals to be Investigated 
 Sub goals 3, 7, and 9 listed above were all investigated in this project.  Because 
these sub goals are closely related, they were simultaneously investigated.  The primary 
focus of the project encompasses utilizing wastewater as a nutrient source for growing 
microalgae, potentially increasing total biomass, as well as reducing pollutants in the 
wastewater.  The purpose of the study is to examine the relative effectiveness of 
combinations of wastewater concentration and microalgae strain for increasing biomass 
growth.  Additionally, various methods for quantifying microalgae biomass will be 
implemented and compared for their effectiveness.    
1.5 Importance of Project 
 Consumption of bioethanol increased by 140% from 2000 to 2005 and biodiesel 
consumption increased by over 900% from 2001 to 2005 (EIA, 2007).  Increases of this 
scale translate into tremendous pressure to provide greater production from biofuel 
feedstocks – which are the biological resources used to derive biofuels.  Due to the 
limited oil production efficiency of corn and soybeans, as well as competition for food 
resources, meeting this increasing demand requires new feedstocks like microalgae 
(Chisti, 2007; Pienkos and Darzins, 2009). 
 When microalgae based biofuel production becomes competitive with petroleum 
prices, biodiesel will become a much more attractive option for transportation fuels.  
Among the proposed methods of achieving lower cost production for microalgae 
biofuels, there exists an opportunity for large industrial operations to benefit.  Because 
these industries must meet water quality effluent regulations or air quality emissions 
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standards, they can look to microalgae for biological treatment of their waste streams.  
Utilizing microalgae for treatment of wastewater has been proven to remove large 
quantities of undesirable pollutants that would otherwise require costly treatment to 
remove (Hammounda et al., 1995; Woertz, 2007).  Pairing microalgae production with 
these industrial operations can provide low cost inputs for biofuel production, reduce 
regulatory costs to the industrial partner, and improve the surrounding environmental 
quality.     
 The availability of more abundant and feasible alternative fuels in the 
transportation sector will generate competition with petroleum; thereby, driving down 
fuel costs for consumers.  Additionally, emissions from biodiesel and bioethanol are 
significantly less than petroleum gasoline or diesel in almost all monitored constituents as 
shown in Figure 1 (USEPA, 2002).  In the long term, society will have a more diverse 
and competitive fuel supply that will come at a reduced cost with fewer harmful 
emissions.    
